Mechanism of "uncoupled" tetrahydropterin oxidation by phenylalanine hydroxylase.
Phenylalanine hydroxylase can catalyze the oxidation of its tetrahydropterin cofactor without concomitant substrate hydroxylation. We now report that this "uncoupled" tetrahydropterin oxidation is mechanistically distinct from normal enzyme turnover. Tetrahydropterins are oxygenated to 4a-carbinolamines only during catalytic events involving substrate hydroxylation. In the absence of hydroxylation tetrahydropterins are oxidized directly to quinonoid dihydropterins. Stoichiometry studies define a ratio of two tetrahydropterins oxidized per O2 consumed in uncoupled enzyme turnover, thus indicating the complete reduction of O2 to H2O. Complementary results establish the lack of H2O2 production by the enzyme when uncoupled and define a tetrahydropterin oxidase activity for the enzyme. Thus, the hydroxylating intermediate of phenylalanine hydroxylase may be discharged in two ways, by substrate hydroxylation or by electron abstraction. A mechanism is proposed for the uncoupled oxidation of tetrahydropterins by phenylalanine hydroxylase, and the significance of these findings is discussed.